The fact that nutrition affects education outcomes is accepted by researchers and by policy makers. It is simple. Children cannot learn if they are hungry. The validity of the empirical approaches used to show a causal relationship from nutrition to education is an issue of debate. The presence of unobserved characteristics that influence both variables is the main concern of researchers. The goal of this paper is to study the possibility of overcoming these difficulties using the NHANES III (1988)(1989)(1990)(1991)(1992)(1993)(1994), a cross-section data set with national representation in the US. A set of school outcomes and a dummy that accounts for the "food-insecurity" condition of each child's family are the central variables here. Based on a IVs procedure, it looks for variables that can be used as instruments for the "food-insecurity" condition. The preliminary results indicate that child's height and mother's body mass index are no good instruments to do so. Further research in needed to construct other variables that might turn to be good instruments for food-insecurity.
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Introduction
The fact that nutrition status affects learning has already been accepted by researchers of different fields and by policy makers. It is simple. You cannot learn if you are hungry.
Moreover, researchers in the medical science have proved that even if you are not starving, you can learn more (or do better in your tests) if you eat just before you learn (take a test), and also, that there are some kind of nutrients that facilitate learning more than others.
The existence of this link and its quantification is relevant in terms of public policies, and is particularly important in developing countries that face a very limited budget to finance social programs as education and nutrition. This topic is also relevant for developed countries as the US, where there still are poor children, and where the quality of the food children eat is an increasing concern of policy makers.
Economists from different fields are recognizing the importance of these interactions.
Development economists consider that this is one of the channels through which health affects income, and therefore poverty status. Labor economists are concerned about the impact that health, through education outcomes, has on life time earnings even in developed countries such as the US. Public economists are using this link, for example, to
show that schools take advantage of it, by changing the nutrition intake of children on test days, to increase the school pass proportion.
In practice, the link between nutrition and cognition is accepted. In the United States there are several programs designed to improve food intakes of school children. Some programs are oriented toward low income students, but others are broader and just address the fact that children learn more when they are not hungry. Also, given the increasing proportion of obese children in US, these programs can also be considered as means to improve the quality of the food children eat.
The biggest program in the United States is the School Breakfast Program (SBP),
conducted by the US Department of Agriculture since 1966. 1 The same Department also runs the National School Lunch Program, which operates in a similar way to the SBP.
In addition, almost every state has its own nutritional program, implemented through the school system, and they all stress the fact that food is essential for learning. For example, the Maryland Meals for Achievement (MMFA) is a classroom breakfast project that started in Fall 1998 in several Maryland elementary schools. Participating schools offer free school breakfast in the classroom each morning, regardless of family income.
There is a vast literature that addresses the correlation between nutrition status and education. The definitions used to characterize the relevant variables as well as the undertaken methodologies vary across these studies, depending upon the research question asked and the available data.
The differences in research questions can be viewed as timing differences: short versus long-run effects. The short-run approach concentrates in the effect of food intakes today on some measure of school outcome today, such as math or reading test scores. The longrun approach considers the impact of the accumulation of a poor nutritional status during school years and the final school outcome. In the middle, one may also study the consequences of poor nutrition accumulated at a particular school age (e.g. from birth to the age of 10) on the school outcome at that moment (a test score achieved at age 10).
In this sense, the precise definition of nutrition and education not only depends on the available data but also on the timing approach. Nutrition proxies may include different health conditions, such as anemia or body mass index measures, or more direct questions as "do you have enough food to eat?" There are several proxies of education outcomes.
Academic outcomes include math and reading test scores, repetition grade, days absent from school; cognitive outcomes concentrate on performance and aptitude tests; and 1 The School Breakfast Program is a federally assisted meal program operating in public and nonprofit private schools and residential child care institutions. It began as a pilot project in 1966, and was made permanent in 1975. The School Breakfast Program is administered at the Federal level by the Food and Nutrition Service. At the State level, the program is usually administered by State education agencies, which operate the program through agreements with local school food authorities in more than 78,000 schools and institutions. For a review of this program, see Kennedy and Davis (1998) .
psychosocial outcomes include variables such as ever suspended from school, number of good friends, shyness, among others.
This paper uses the 3rd National Health and Nutrition Examination Survey (NHANES III) which is a cross section survey that contains information about several characteristics of health condition of children and their parents, as well as a variety of education outcomes (as described above) and the direct question mentioned before: do you have enough food to eat? In this sense, the analysis presented here may be view as an attempt to measure the short-run effect of nutrition on education, controlling for some long-run measures of nutrition status, among many other things.
Previous results are consistent in finding that better nutrition status is associated with better educational outcomes. However, this correlation cannot be directly translated into a causal relationship from nutrition to education. The presence of unobserved characteristics of parents that influence both variables is the obstacle to doing so. Some studies are aware of this problem and try to control for endogeneity and omitted variable bias, but they are still subject to other identification problems.
Therefore, the question is: Is it possible to show a causal relationship from nutrition to education using cross-section data? The goal of this paper is to analyze this possibility; the key point here is to select some plausible instruments that satisfy the basic conditions to be "good instruments". The survey contains variables that might appear reasonable instruments, but it is necessary to analyze them and to test whether they satisfy the exclusion restriction to avoid reverse causality problems.
The rest of the paper is organized as follows. Section 2 summarizes some background literature in the topic. Section 3 describes the theoretical model and the empirical implementation weaknesses that tries to overcome. Section 4 presents the data and descriptive statistics, and specifies the role that each variable plays in the model estimation. Section 5 shows what happens when "bad instruments" are used in the estimation. Finally, the last section concludes and includes a discussion of other potentially plausible instrument that might be constructed using the NHANES and that will be subject of future research.
Background literature
Nutritionists agree upon a causal effect from nutrition to cognition and there is a huge literature using several data sets and variables to prove that. Katherine Alaimo et al. (2001) and Lou Hicks et al. (1982) They divide a sample of 5,349 children into two age groups of 6 to 11 and 12 to 16 years and estimate each school outcome as a function of the food insufficiency dummy and a set of family and individual variables, including sex, age, metropolitan region, poverty status, race-ethnicity, family head education, employment and marital status, health insurance, family size, previous and current health status, among others. They find that food insufficiency is significatively negatively related to school outcomes. The weakness of this result relies on its empirical approach: they improve upon the simple OLS regression by controlling for variables that may be proxies of the unobserved parents´ characteristics that might be influencing both nutrition and school outcomes, but they do not take into account the endogeneity problem explicitly.
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Lou Hicks et al. (1982) examine the possible impact of a supplemental food program provided during the perinatal period upon cognitive functioning approximately five to 2 This problem is similar to the one faced in the estimation of returns to education: there might be some benefit in terms of bias from including family background variables in the regression of earning on schooling, but this certainly is not a bias-free result. See Card (1999) given that all these children come from low income families (i.e. they meet the criteria for WIC benefits), they suggest that older siblings are more exposed to an environment that might be deprived socially, economically and in other ability-relevant dimensions.
This is an interesting approach in two ways, it makes use of a policy change (the beginning of the WIC program) as a natural way to produce treatment and control groups;
and it uses siblings as a control group with the advantage of controlling for family fixed effects. Unfortunately, these natural experiments cannot be produced by independent researchers. The alternative approach is to design and implement random experiments. and scores, and they know which schools have problems in terms of their passing rate.
The authors find evidence that schools threatened by the accountability system respond by providing students with "empty calories" on test days. Also, for fifth grade students, they find a positive and significatively effect of calorie differential on test days on pass rates.
Although they are not controlling for other means of "gaming" the system, like shaping the test pool (reporting as disable children that are not), or having teachers to cheat, the "empty calorie experiment" is conducted at school over a very short duration, and with no particular warning. Also, it is clearly exogenous with respect to the child and his observed and unobserved characteristics. They also use district fixed effects, which should help control for, e.g., how aggressive the district is on actively influencing test scores.
Theoretical framework
This model is based on the pioneer work of Behrman, Rosenzweig, and Taubman (1994) , and to some extent is similar to the one used by Miguel and Kramer (2003) .
The school outcome of child i in family j (S ij ) is modeled as a function of "food insecurity condition" (H ij ) a set of exogenous variables X ij that includes variables characterizing family background (FB j ), which are invariant within family j, and other individual characteristics (I ij ), and his own "luck", υ ij .
It would be very valuable to include information about school quality (class size, quality of teachers, etc.), which certainly has some influence on the child learning process.
Unfortunately, this information is not available in this data set.
The problem here is that food insecurity is not exogenous. In particular, it is correlated with family background and individual characteristics. The main point of this study relies on identify an exclusion restriction, a variable correlated with food insecurity but uncorrelated with school outcome. This variable (or set of variables) are defined as Z ij .
This specification is trying to incorporate the fact that there might be some family characteristics that are both influencing food insecurity and school outcome. The empirical approach would be an instrumental variable approach, where equation (2) is estimated in the first step and then the estimated food insecurity variable, iĵ H , is used to estimate equation (1).
Note here that H ij is a dummy variable that takes a value of 1 if family j does not have enough food to eat, and 0 otherwise. This specification is known as a Linear Probability
Model (LPM).
The LPM has some problems when estimated by Ordinary Least Squares (OLS): (i) the error term is not normally distributed, (ii) estimated probabilities are not necessarily bounded between zero and one, and (iii) unbiased OLS estimation implies that heteroscedasticity is present. 4 There are studies that overcome this situation by means of logit or probit specifications, bounding the predicted dependent variable to the interval 0-4 Formally, the LPM specification and its limitations can be seen in this way: 1. Nonetheless, the LPM still may be the correct model or might be justified for practical reasons. 
The Data
The data comes from the NHANES III, which is a national cross-section survey collected during a long period (1988 -1994) . It collects data on school outcome (math and reading scores, two cognitive test, repetition grade, absenteeism, behavioral problems), on health, nutrition (do you have enough food to eat?) and a set of family and individual characteristics (family income, education, employment and marital status of family head, sex, age, race, region of residence, among others).
This section presents the descriptive statistics of a set of variables considered relevant to estimate the model. Probably the most relevant part of this section is the discussion about potential instruments in sub-section 4.5.
The dependent variable, S ij :
The school outcome can be approximated by using different set of variables: Test-Revised (WRAT-R). As above, these scores were standardized using a o to 20 scale and were derived for each child relative to his/her age group based on testspecific standardization samples created by the test developers.
The full WISC-R and WRAT-R have been used extensively to assess children's IQ and academic skills. From the subsets reported in the NHANES is not possible to infer IQ or academic skills approximations.
The survey ask if the child ever repeated a grade and which grade/s. With this information a dummy that takes a value of 1 if the child ever repeated any grade is constructed.
Also, the number of days absent from school in the previous 12 months to the survey is included, that variable can take values from 0 to 365 (meaning that the child was out of school that year).
c) Psychological outcomes: ever seen a psychologist, ever suspended, number of good friends, shyness, difficulties to get along with other children
A set of binary variables accounting for different aspects of psychosocial outcomes are considered here. The NHANES ask if the child has ever seen a psychologist or has ever suspended from school. These answers are already dummy variables.
There is a categorical variable accounting for the number of friends each child has: 0, 1-2, 3-5, 6 or more. The dummy here accounts for "no friends".
The survey asks how the child reacts when it comes to meeting new children and making friends. The alternative answers are: shy, average, outgoing. So here the variable takes a value of one if the answer is "shy". It also asks if the child has difficulties to get along with others, and the options are: no difficulty, some, or a lot.
The dummy here takes a value of one if the child has some or a lot of difficulties. 
Food insecurity variable, H ij
The more relevant variable here is "food insecurity", which is an endogenous variable in the estimation of school outcome. Therefore, it becomes the dependent variable in the first step of the estimation (equation (2) answer is (8). In this way, 1,490 families are identified as food-insecure families and they represent 11% of the total. Table 2 presents the distribution for the full sample and the two child's ages sub-samples. Note that this is a family variable, which means that, for example, if a family has one child between 6-11 years old and another between 12-16 years old, this family will be counted in each sub-sample.
Family background, FB j
The set of family background variables includes some demographic variables, such as region of residence and metropolitan area; other variables that characterize the family:
family size, number of family moves (an increasing number of family moves may negatively affect the child), family head education, employment and marital status, family income during the previous 12 months to the interview, family income the last month, the poverty income ratio, and health insurance coverage and its source.
The expected relationships are as follows. Family size affects negatively both school outcome and food availability, given a certain income level. An increasing number of family moves is a sign of instability that may affect the children negatively. The years of education of the family head, as well as his/her employment status (dummy that takes value 1 if employed in the previous two weeks to the interview) and his/her marital status (dummy that takes value 1 if married and spouse is present), are expected to positively affect the dependent variables under study.
The information regarding income is one of the major weaknesses of this survey. There is no information about actual income. Only some information about income ranges is available and the rate of non-response is significant. The variable that reports the family income during the previous 12 months to the interview is divided into categories that start with "less than 1,000", increases with interval of a thousand dollars until 20,000 and then intervals of 5,000 until 50,000 and it is truncated at that point. The variable that reports the family income during the last month is divided into categories that start with "less than 100", increases with interval of a hundred dollars until 1,500 and then intervals of 300 until 4,000 and it is truncated at that point. The variables reported here input to each family the average income of its correspondent category. Finally, the poverty income ratio is a ratio between the median income of each category income and a poverty threshold (the smaller the ratio, the poorer the family). This variable may be useful here because this is the variable used to determine the eligibility to receive welfare benefits of programs such as the WIC.
Some information about health insurance coverage and its source is also considered. The alternative sources include Medicare, Medicaid, and others (all kinds of health insurance plans except those that pay only for accidents).
Individual characteristics, I ij
The individual characteristics set contains variables such as sex, age, weight, and raceethnicity, the number of months that receive WIC benefits, low birth weight, mother's age at child's birth, prenatal smoke exposure, and birth complications (the last four are available only for 6-11 children), variables that may vary within family. Note that here "mother's age at child's birth" is not trying to measure a low income status behavior. In that case, the relevant variable would be "mother's age at first birth", which is trying to capture the particular impact of mother's age during pregnancy and birth of each child (so either very young or very old mothers may put on risk baby's health).
Tables 3 and 4 present means and standard errors for all these variables. They are tabulated for each family category in terms of food insecurity, including a two-tail mean difference test. The results are similar for both age groups.
Academic and cognitive outcomes are significatively different between food-insecure and food-secure families, with the exception of days absent from school for the older group of children. The psychosocial outcomes present some differences. While younger children have significant differences with respect to shyness and difficulties to get along with other children, older ones have significant difference regarding suspension from school and lack of friends.
Regarding the set of family background characteristics, there are no differences in the proportion of children living in a metropolitan area. Half of children between 6-11 years old live in a metropolitan area and almost half (47%) of older children also live in a metropolitan area. 7 There are also no differences in the number of family's moves for both groups.
7 "Metropolitan area" is a dummy variable that takes value 1 if the child lives in central counties of metro areas of 1 million population or more, OR, fringe counties of metro areas of 1 million population or more.
All the other variables are significatively different between the two groups. In particular, families with food insecurity tend to have larger family size; to have a family head less educated, without employment (in the two weeks before the interview) and not married;
to lack of health insurance and to be poorer.
Surprisingly, the number of families covered by Medicare or Medicaid is not significatively different between food-insecure and food-secure families in both age groups.
Finally it is the set of individual characteristics. There are no significant differences in terms of sex, age or weight of children in both groups. With respect to the race-ethnicity variables, the proportion of black children is not significatively different between families with or without food insecurity. But there is a significant difference for Hispanic children: within food-insecure families, 55% (49%) of children between 6 and 11 (12 and 16) years old are Hispanic, against 27% (31%) for food-secure families.
Children in food-insecure families tend to receive the WIC benefits for a longer period than the ones in food-secure families.
For children between 6 and 11 years old, there are no significative differences for the dummies of low birth weight and birth complications. Instead, the proportion of mothers who smoked while pregnant is smaller among food-insecure families, at a significance level of 10%. In this group, mothers were much younger at their child's births: 28 against 41 years old. This result might be more associated with the low-income hypothesis of fertility, which states that poorer people tend to have children at younger stages.
Are there "good instruments" for food-insecurity?
The key point to prove the causal relationship from nutrition to school outcomes is to overcome econometric difficulties, due to endogeneity (reverse causality) and omitted variable (confounding) bias.
In terms of the results, the power of the model relies on its capability to isolate the effect of nutrition on school outcomes. For example, consider the case in which a child with poor nutrition status also tends to have below-average school performance, i.e., in terms of school attendance. One possible interpretation of this observed pattern is that poor health is the cause of higher absenteeism for this child. But a second plausible explanation is that the child comes from households with unobservable lower socioeconomic status, and that this fact leads both to worse educational outcomes and health outcomes, or similarly, the child has parents with unobservable less interest in both their child's health and education, leading to a correlation between child health and education that is not causal. In many cases it is almost impossible to distinguish between these two explanations, especially when the data used in the analysis consists of a single cross-section of observations, as the NHANES III is. One may ask why to work with this data set. The answer is that the NHANES III is the only source of both health and school outcome information about children at a national level (and public access).
The variable used to construct the dummy of food-insecurity condition does not vary within families. This eliminates the use of siblings to control for family fixed effects.
Many of the family background variables influence food-insecurity as well as school outcomes, such as family income, family head education, employment and marital status, among others.
At the moment, it is not possible to say that there is a good instrument for food insecurity.
At first sight, the following two instruments appear as potentially reasonable.
First, child's height. There is a well known positive correlation between nutrition status and individual's height. The data used here supports this fact: table 4 reports that children in food-secure families are significatively taller than the other ones. Disregarding this fact, there is no reason to expect correlation between height and school outcome.
Unfortunately, as table 5 shows, for children between 6-11 years old the only dependent variable not significatively correlated with height is the digit span score; while for the older group reading scores and grade repetition are the ones uncorrelated with height.
Second, the body mass index of parents. This variable might be correlated with food insecurity and uncorrelated with children's school outcomes. From the data available in the NHANES it is possible to construct a BMI index for parents. In fact, this variable is already computed for all surveyed individuals, but it is not possible to find the relationship between children and their parents. Instead, there is information about mother and father's weight and height and they can be used to compute the BMI in the following way:
Table 4 presents the statistics for mother and father's BMI. In both age groups the average mother's BMI is higher for families with food insecurity, while the average father's BMI index is not significatively different between the two groups. One possible explanation of the higher average BMI among mothers with food-insecurity condition is that there might be a higher proportion of obese mothers, which can be considered as a sign of low quality food.
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The correlation of mother's BMI and food-insecurity is very strong, as can be seen in Table 5 . Regrettable, it is also correlated, at a 10% significance level with the whole set of dependent variables. On the contrary, father's BMI appears to have no relation not only with school outcome variables but also with the food-insecurity one.
These results suggest that none of them can be considered as "good" instruments for food insecurity. Next section presents some regressions using these "bad instruments".
Although the results appear to be good, it is not possible to draw conclusions from it, as the ones presented in Alaimo et al. (2001) . Finally, the last section includes other potentially plausible instrument that might be constructed using the NHANES and that will be subject of future research.
8 This formula is the one used by NHANES to compute the variable BMI and it is based in centimeters and kilograms. The variables for mother and father's height and weight are expressed in inches and pounds, so will convert them using the following scale: 1 inch = 2.54 cm, 1 pound = .4536 kg 9 Studies discussing the relation of obesity and poverty in the US are receiving growing attention among economic researchers.
Empirical results using "bad" instruments
At this stage of the analysis, it seems that the NHANES III does not contain information to find empirical evidence of a causal relationship between food-insecurity and school outcomes. For the sake of simplicity, this section only includes results for one dependent variable, "math scaled scores". Although there are variations using different dependent variables, the point here is to address the quality of the instruments, which is similar with respect to the reminding dependent variables.
First, it might be interesting to see the simple OLS estimation of school outcomes on food-insecurity. Table 6 reports a significant relationship between these variables; even controlling for some family and individual characteristics, this relationship remains significatively different from zero. But it has been argued here that these estimations cannot be interpreted as a causal relationship because of the presence of unobservables that affect both food-insecurity and school outcome. The problem does not end up there.
It is necessary to find a good instrument to eliminate this endogeneity problem.
The first step is to estimate equation (2), which has a binary variable as dependent variable. Table 7 presents the results based on a linear probability model for foodinsecurity. Two of the instruments presented in section 4.5 (child's height and mother's BMI) are used alternatively as explanatory variables for the two age sub-samples. The results indicate that these variables are not good enough in explaining families' foodinsecurity. Only in model (6), where mother's BMI is used to instrument food-insecurity among children of 6 to 11 years old, this variable turns to be significatively different from zero. But as seen in the correlation table, it is not exogenous with respect to school outcome.
However, when using these estimates in the second step (equation (1) of the theoretical model), Table 8 shows that there is a strong and negatively significant relationship between food insecurity and school outcomes (in particular, math scores).
This is the source of criticism to many nutritional studies as the one of Alaimo et al (2001) . In spite of the efforts made in order to control for unobserved characteristics that affect both nutrition and education variables -generating endogeneity and omitted variable bias-, the present study shows that with the tools provided by NHANES III it is not possible to identify a good instrument to account for these empirical problems.
Conclusions and future research
Is it possible to show a causal relationship between nutrition and education using crosssection data? At the moment, the answer is "NO".
Although the empirical results can be viewed by a careless reader as evidence in favor of this relationship, they are still subject to endogeneity and omitted variable bias and therefore inferences cannot be made. This is not only true for this study, but also for the results of Alaimo et al. (among others) that face the same limitations as the ones detailed here.
At this point, there are two alternatives. One is to consider that these results are enough evidence to conclude that this empirical strategy is inappropriate and should be avoided.
The other is to keep on trying to check if there are any other variables in the survey that can be used to overcome these identification problems. Given that there are no many other ways to study this link, at least, using public data sets with national representation, it might be worth while to insist in this path of work.
In fact, there are already identified other instruments which can be developed.
One possibility would be to construct an exogenous state policy variable that relates the availability of different levels of food assistance at school with the use of these programs by children from food-insecure families. The construction of this variable would take some steps.
First, the NHANES III contains some information about state of residence: there is a variable that indicate the state of residence if the family lives in a county with a population of more than 500,000 habitants. Therefore, one might narrow the analysis to children living in metropolitan areas. Second, there is also information about breakfast and lunch served at school at a fixed price, and also the frequency (days per week) that the children have breakfast or lunch at school. Another possibility is the use of the poverty-income ratio to determine the eligibility of families to programs such as the WIC. Together with other eligibility criteria, this information could be use to construct a variable that accounts for the availability and effective use of this kind of public programs.
If after these and other attempts is still unattainable to find a good instrument for foodinsecurity, i.e., if this "good instrument" does not exist, the results of this study would imply that it is not possible to use cross-section data sets, in particular, the NHANES III, to show a causal relationship from nutrition to education. Note: Cognitive function was evaluated using parts of two tests, the Wechsler Intelligence Scale for Children-Revised (WISC-R) and the Wide Range Achievement Test-Revised (WRAT-R). Two subtests of the WISC-R test, a verbal component (Digit Span) and a performance exam (Block Design), were administered and are considered relatively culturally unbiased (Kaufman, 1979) . In addition, two subtests of the WRAT-R test, math and reading, were conducted. The WISC-R test was administered first and was followed by the WRAT-R. The scores for all four subtests used a common scale and were derived for each child relative to his/her age group based on test-specific standardization samples created by the test developers (Wechsler, 1974; Jastak, 1984; Kramer, 1995) . Table 3 Note: Standard errors are in parenthesis. * indicates a statistically significant difference between food-insecure and food-secure families at a 90% confidence interval, ** at a 95% and *** at a 99% confidence interval. (#) Income variables are reported in categories. Here it was attached to each variable the mean income of each category. The poverty income ratio is a ratio between the median income of each category income and a poverty threshold, i.e., the smaller the ratio, the poorer the family. This variable is subject to nonresponse error. Table 4 Note: Standard errors are in parenthesis. * indicates a statistically significant difference between food-insecure and food-secure families at a 90% confidence interval, ** at a 95% and *** at a 99% confidence interval (##) The total number of observations for each variable may vary due to missing cases
Children between 12 and 16 years old
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Children between 6 and 11 years old (9) and (11) the relevant IV is child's height and in models (10) and (12) Note: Standard errors are in parenthesis. * indicates a statistically significant difference between food-insecure and food-secure families at a 90% confidence interval, ** at a 95% and *** at a 99% confidence interval (##) The total number of observations for each variable may vary due to missing cases Descriptive statistic, selected variables, clasiffied according to "family food insecurity" Table 9 Children between 12 and 16 years old
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